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APARTMENT  OP  THE  ARMY 
Pert  Detrick 
Frederick,  Maryland 


OK  TKS  PHYSIOLOGY  OF  HE3PIHATI0M  IS  CUI3X 
<  (ZUR  PKYSIOLOQIS  DSR  ATMUHO  BY  CU13X) 

[Following  is  a  translation  of  an  article  by  Dr,  Edward  Babak, 
Prague,  in  the  German-language  publication  Intarnat,  Rev, 
Oesant.  Kvdrobiol «  vu  Hydros r. ,  Vol  V,  Ko  1,  1912,  pp,  81-90. 3 

From  Observations  and  Experiments  by  J.  Hepner 
Under  My  Direction 


Occupied  with  comparative  investigations  of  the  respiratory  mechanism 
among  animals  and  having  recently  summarised  in  particular  the  findings  on 
tracheal  ventilation  {the  respective  communication  will  be  published  in  the 
near  future  in  detail  in  blntsrstains  Handbook  of  Comparative  Physiology) , 

I  have  given  detailed  attention  also  to  the  three  ontogenetic  stages  of 
culex  among  the  trachoata.  I  was  concerned  with  direct  observation  on  this 
suitable  material  on  the  behavior  of  the  respiratory  motions  in  the  succes¬ 
sive  main  phases  of' development  as  well -as  with  the  conditions  of  ventila- _ 

-tlon'-ef^hQ^traahsal^runks^ln^ho'trahspardSt^Tdrvad  of  culex.  'So  far, 
only  very  inadequate  knowledge  has  been  obtained  on  those  subjects  so  that 
we  are  justified  in  saying  that  the  physiology  of  the  trachea  is  still  in  • 
its  very  early  beginnings.  Since  the  diptsran  larvae  belong  among  the  eco¬ 
logically  most  interesting  and,  from  a  practical  viewpoint,  also  most  re¬ 
markable  aquatic  insects,  this  contribution  may  deserve  some  attention, 

-tbs  -three- ontogenetic-  stages  of  "culex  differ  greatly  in"  regard  to 
physiological  viewpoints.  The  metabolism  of  the  larva  is  extensively  or- 
ionaod  uo  purposes  of  structuration  so  that  the  materials  for  the  structure 
os'  the  future  fly  are  procured  in  a  relatively  short  time;  in  addition  to 
this  extensive  progress  of  assimilation ,  there  also  take  place  in  the  body 
of  the  larva  extensive  dissimilatory  processes  because  a  groat  deal  of 
muscular  activity  is  necessary  for  the  procurement  of  nutrition  and  atmos¬ 
pheric  oxygen.  Tho  pupa  represents  a  quickly  passing  stage  in  which  a 
quick  transformation  of  the  body  is  carried  out.  The  dissinilatory  proces¬ 
ses  soon  to  be  mare  restricted  than  in  the  larva,  to  judge  from  the  mani¬ 
festations  of  life,  although  intense  locomotor  reactions  are  produced  by 


interference  with  the  insect  on  the  surface  of  the  water.  The  fly  is  dis¬ 
tinguished  by  very  pronounced  dissiailatory  processes.  Flight  is  well  as 
procurement  of  nutrition  and  sexual  function  probably  place  high  demands  on 
-metabolism  ~  lb-weul&  be  of  considerable  interest  to  investigate  these  three 
stages  of  development  in  regard  to  their  oxygen  requirements,  which  is  what 
wo  intend  to  da  soaetisia  in  the  future. 

However,  the  reaction  of  the  larva,  pupa  and  fly  to  oxygen  deficiency 
.is  also  noteworthy,  oven  though  m  cannot  yet  arrive  at  any  definite  opinion 
■on  the  intensity  of  the  oxygen  requirements  ahcT can  inform  ourselves  speci¬ 
fically  only  on  the  sensitivity  of  the  central  nervous  system  to  oxygen  de¬ 
ficiency,  The  jairoeriseats  carried  out  at  the  sane  temperatures  actually  did 
show  "us  that  extraordinary  differences  do  occur  hero.  We  hermetically  en¬ 
closed  larvae  and  pupae  in  distilled  water  or  placed  then  in  a  small  amount 
pi  liquid  in  an  ae rooted  chamber  under  the  microscope  and  then  conducted 
hydrogen  throogh  the  chamber.  The  flies  wore  placed  at  a  certain  moment  5a 
a  flew  of  hydrogen  which  displaced  the  small  amount  of  air  in  the  vessel  in 
which  they  wars'  contained,  ,2a  the  hydrogen-filled  chamber,  paralysis  due 
to  oxygen  deficiency  occurred,  on  the  general  average,  after  95. minutes  with 
the  larvae  and  after  55  minutes  with  the  pupae.  In  contrast,  recently  hatched 
imagoes  displayed  paralysis  duo  to  oxygen  deficiency  within  an  interval  of 
lass  than  100  seconds,  .  After  enclosing  the  larvae  and  pupae  in  thoroughly 
boiled  water,  .entirely  similar  findings  were  obtained  as  with  hydrogen  and 
with  the  sans  difference  in  time  between  larvae  and  pupae.  The  former  be¬ 
come  paralysed  within  about  90  minutes  and  the  latter  within  about -50  min¬ 
utes.  If  customarily  aerated  water  is  utilised  for  enclosure,  we  then  ob- 
apprselshle  lengthening  of  tfe*  .interval,  of  time  until .  the  occurrence 
of  paralysis.  The  larvae  subsist  for  about  4  hours  and  the  pupae  for  about 
2  hours  {of.  also  skin  respiration).  Finally,  as  will  be  seen  from  the  fol- 

least  partially)  removing  the  ventilation  syphons  and/or  the  prothoraeic 
.  stigmata.  A  similar  interval '  elapses  until  the  occurrence  of  asphyxia  as 
is  the  experiments  with  boiled  water  or  hydrogen  already  mentioned. 

Vo  any  conclude  from  this  that  those  manifestations  of  life  in  the 
central  nervous  systea  which  require  continuous  oxygen  supply,  stand  in  the 
forefront  for  the  imaginal  stages  whereas  the  anoxybiotic  processes  have 
great  significance  for  the  pupae  and  oven  more  for  the  larva®.  It  may  be 
probable  that  we  say  extend  this  concept  to  uha  entire  process  of  life  in 
the  early  forms  of  the  three  developmental  stages.  Vie  may  refer  in  this 
respect  to  similar  findings  from  the  investigations  conducted  by  Amsrling 
(On  the  Resistance  to  Oxygen  Deficiency  during  tics  Ontogeny  of  the  Frog, 

■  ?flug.  Arehlv.  190S,  Vol.  ?1,  p,  563)*  under  our  di rest ion,  on  the  succes¬ 
sive  developmental  stages  of  the  frog  whore  ths  early  embryonic  forms  are 
shewn  to  bo  highly  independent  from  the  oxygon  supply,  subsequently,  with 
k  increasing  growth  and  development,  the  sensitivity  of  the  central  nervous 
t  system  to  oxygen  deficiency  gradually  Increases.  (Similar  findings  seem  to 
exist  also  in  regard  to  the  embryonic  stages  of  birds  and  mammals  and  even 
newborn  rabbits,  sice,  ate,  still  show  a  high  degree  of  resistance  to  as¬ 
phyxiation,  ) 


A  link  between  those 
she  three  ontogenetic  no: 


Singe  of  tha  experiments  Tor  asphyxiation  of 


nctaoo 

since 


s <5  of  one  iatu&r  vrouia  os  possxSiO  enuy  sites 
would  be  necessary,  at  least,  to  deter:  ‘ 


the  prolonged  experiments  for  as- 
■*  which  were — 


O 


further  investigation 
o  the  relative  oxygen  eon- 

eunptiors.  nowovor,  one  fact  is  already  evident:  the  relative  sensitivity 
of  the  central  nervous  system  to  oxygon  deficiency  is  closely  related  to 
the  development  of  the  respiratory  notions.  Neither  in  the  larvae  nor  in 
the  pupae  can  we  observe  any  indications  of  specific  respiratory  motion  or 
even*  of  rhythmic  ventilation,  not  over,  in 
phyxiatien . — Vie  find  here  also  an  analogy 
confirmed  by  us  (Mote :  Babak  and  Kuhnova,  On  the  Respiratory  Shy tha  and 
the  Ontogeny  of  the  Respiratory  notions  in  the  Urodeia,  ?f lug .  Archiv.  1909, 
Vol.  SO,  p.itt}  in  the  amphibia,  Young  larvae  of  aablystoaa  do  not  manifest 
any  respiratory  motion  but,  in  sequence  with  the  growth  of  the  body  with 
which  the  growth  of  the  body  surface  does  not  keep  step,  the  latter  begins 
at  the  sane  tine  as  tha  oxygen  requirements  increase,  in  order  to  facilitate 
gaseous  metabolism. 

In  the  imago  of  culex,  the  respiratory  oscillations  of  the  abdomen 
are  primarily  naticabla  in  the  tergites  which  fall  and  rise  with  expiration, 
sad  inspiration.  As  a  rule,  vre  find  here  a  periodic  increase  and  sub  sequent 

lessor  frequency  of  tha  respirations.  If  the  insect  is  observed  while  it . 

recovers  from  tha  paralysis  cue  to  oxygen  deficiency,  vre  first  note  a  per¬ 
sistent  arrest  of  respiration  followed  subsequently  by  very  slight  and  in¬ 
frequent  oscillations  and/or  also  snail  groups,  of  heavy  respirations,  again, 
followed  by  intervals.  Gradually  the  groups  become  more  extensive,  but 
heavy  respirations  are  more  infrequent  and  smaller  breaths  prevail.  The 
pauses  between  the  groups  bacons  shorter  and  finally  join  into  a  continuous, 
uninterrupted  and  slightly  oscillating  rhythm  built,  in  regard  to  amplitude 
and  frequency,  of  the  periodic  ( “interrupted “)  respiration. 


In  the  area  of  the  first  to  tha  fourth  abdominal  segment,  it  is  pos-  , 
sable  to  observe,  a  few  seconds  after  the  start  of  exposure  to  hydrogen,  a 
■  rapidly  increasing  and  very  perceptible  swelling  or  insufflation  which  ap¬ 
preciably  deforms  the  body.  The  swelling  begins  to  decrease  a  few  seconds 
after  removal  of  the  hydrogen  and  soon  disappears  completely.  Wo  intend  to 
carry  out  further  investigations  on  the  significance  of  this  particular 
■—  ranif a station,  -  - 

Consequently,  specific  respiratory  movement  is  completely  absent  in 
tracheal  ventilation  of  the  larva  and  the  pupa.  Very  probably,  this  exten¬ 
sive  auxiiiiary  of  respiratory  activity  does  not  develop  whan  oxygon  re¬ 
quirements  are  law  and  wo  do  know  that  tha  tracheal  system  often  secondarily 
largely  atrophias  (in  small  forms,  etc . } ,  On  tha  basis  of  the  present 
findings  bn  the  respiratory  notion  which  ventilates  the  tracheae  of  the  in- 

O  soots,  wo  can  state  that  the  respiratory  movements  displace  the  gas  content 
of  the  large  tracheal  trunks  and  partially  renew  it  from  the  exterior  through 
the  stigmata;  for  the  essential  significance  of  the  renewal  of  air,  m  can 
point  here  from  the  comparison  to  the  fact  that  the  insects  possessing 


dosed  traehsal  systems  do  net  have  any  corresponding 


which  could  hers  only  servo  the  intorvixir.g  of  the  ai 


respiratory  notion  — 

,  However,  in  the 

elo sod  tracheal  systems,  wo  should  nos  overlook  the  possibility  that  their 
gas  content  consists  primarily  of  oxygon  (obtained  through  the  secretory  • 
activity  of  the  skin  or  the  tracheal  gills  and/or  capillaries)  the  dis- 
aiausnantjsf  whibh-  is  unaocasssary.  MOraovar,  v;a  hnva  found  that  the  res¬ 
piratory  motions  of  Sytiacus  and  those  of  Lccueta  (according  to  Trsviaaas, 
as  we  have  discovered  subsequently)  continue  also  under  water  —  with 
Sytiseus  after  removal  of  the  elytra  and  wings.  V/e  are  therefore  of  the 
opinion  that  the  respiratory  motions  in  the  op on  tracheal  system  serve  not 
-Only  for  the  renewal  of  air  but  also  for  its  displacement  in  the  larger 
tracheae,  The  further  transport  of  tscygsn  into  the  tracheal  capillaries  of — 
the  tissues  is  probably  produced  by  “aspiration*  of  the  oxygon  and  the  eon- 
sequent  rapid  diffusion  (the  participation  of  the  closure  mechanism  —  the 
stigmata  —  in  such  transport  appears  to  us  so  far  completely  hypothetical 
©h  the  basis  of  our  review  of  the  literature). 

•Vfiwfc  can  then  be,  in  the  larva  and  pupa  of  euloas,  the  farces  which 
serve  the  intermixing .  of  the  gas  content  in  the  large  tracheal  trunks  (a von 
we .  admit  that  the,  lower  oxygen,  requirements  of  these  insects  do  not  require 
any  extensive  auxilliaries  for  facilitating  gaseous  metabolism)?  They  are, 
on  the  one  hand,  the  powerful  vibrations  of  the  abdomen  which  produce  loco¬ 
motion  and  undoubtedly  exert  strong  expansion  and  pressure  on  the  tracheal 
trunks,  We  may  perhaps  also  have  to  assign  a  respiratory  significance  to 
the  pulsations  of  the  dorsal  vessel  as  earlier  researchers  have  occasionally 
done;  ‘actually  we  see  that  the  two  longitudinal  tracheal  trunks  of  the  larva, 
alternately  approach  and  become  displaced  from  each  other  (in  particular  in 
the  distal  abdominal  segments)  in  Which  the  laterally  outgoing  branches  are 
often  appreciably  stretched.  The  striking  tachycardia  observed  during  the 
-O^ariBishtal’  asphyxiation ( of .  bslev?)  might  also  be  invoked  in  confirmation 
of  this  concept  of  tha  respiratory  significance  of  cardiac  activity* 


Ventilation  in  the  larva  takes  place  through  the  respiratory  appendix 
of  tha  nest  to  the  last  abdominal  segment  whore  the  stigmata  of  the  two 
longitudinal  tracheal  trunks  and  in  a  uniform  terminal  chamber.  At  the  end 
of  .the  '“respiratory  syphon8  (of*  in  details  Saschke,  On  the  Anatomy  and 
Histology  -of  the  Larva©  of  Cuiex  Sesorosus,  2ool.  Ana.  183?,  Vol.  10,  p.lS; 
The  Larva  of  Culox  Heaorosus  —  A  Contribution  to  tha  Knowledge  of  Insect 
Amatory  and  Histology,  Arch.  F.  l.iturgasch,  138?,  Vol.  53.  P-133),  there  is 
"  located"  the  one  external  do  aura  mechanism  and,  at  the  terminations  of  the 
•  stigmatal  tracheal  section  in'  the  terminal  chamber  mentioned,  the  other  in¬ 
ternal  closure  jsechanisa.  The  pupa  ventilates  by  way  of  the  two  earlike 
“pro thoracic  cornua;8  according  to  Kiall  (The  natural  History  of  Aquatic 
Insects,  -ondon  1903,  p.104),  the  latter  are  protected  in  tha  interior 
against  the  entry  of  water  by  a  layer  of  bristles,  but  wa  believe  that  tha 
^narrowness  of  the  tube  formations  itself  is  completely  adequate  for  this, 
win  bath  stages,  we  were  able  to  confirm  the  great  sensitivity  of  these  ven¬ 
tilation  do  vice  s  to  the  normal  air  atmosphere.  Viter,  enclosed  hermetically 
unde?  water,  the  respiratory  cornua,  *o-tc-spsak,  fad  along  the  glass  cover 


ri&s&BSiiS&i 


ar.d  arc  able  to  locate  tiny  air  bubbles  and  then  cor.vorgc  or.  such  air  bub¬ 
bles  with  the  extended  terminals  and  over,  draw  the  bubble  with  then  down 
into  the  water.  Air  bubbles  are  also  sought  and  located  at  the  hotter,  or 
the  vassal  and  grasp ad  by  the  respiratory  aarr.ua  (over,  in  a  aide  and  hori¬ 
zontal  position  of  the  body).  The  end  of  the  larval  respiratory  tube  with 
its  valvular  devises  hors  unsuccessfully  pants  for  air.  If  a  hydrogen  at¬ 
mosphere  is  provided  above  the  water,  we  then  see  that  the  syphon  terminal 
is  scKetiacc  dosed  or.  the  latter  or  else  opens  and  closes  quickly,  but  It 
is  rather  doubtful,  in  view  ©  £  the  restlassr.ass  of  the  insect,  whether  the 
larva  ventilates  its  tracheal  system  with  hydrogen.  Very  probably,  the  '“  "~" 
nforaifs-gas-: irrAb&tea-^hs-gyphsnr-r©^ ©spfcers-aad-the -  inner  closure  aacksniss. 
remains  shut.  As  we  will  describe  in  detail  below,  the  gas  content  of  the 
tracheal  trunks  is  seen  “emptied"  and,  if  larva©  with  the  principal  tracheae 
emptied  of  gas  in  various  ways  (of.  below)  are  placed  in  water  with  a  hydro¬ 
gen  atmosphere,  the  trachea  remain  definitely  empty.  The  respiratory  cornua 
of  the  pupa  remaining  at  the  hydrogen  atmosphere  then  incline  —  evidently 
irritated  —  back  over  the  dorsal  surface  ©f  the  body,  '  •  - 


Both  the  terminals  of  iho  respiratory  cornua  as  well  as  of  the  ras- 


l&rva  remain  instinctively  at  the  surface  of  the  water  in  contact  with  air 
but  ventilation  is  no  longer  carried  out.  The  insects  become  asphyxiated 
within  the  sane  interval  as  whan  they  are  hermetically  scaled  in  water  or 
when  .the  stigx&ta  tubes  are  ligated;  tho  tracheal  system,  is  found  empty 
within  a  few  minutes  (cf.  below).  He  are  unable  to  say  on  what  this  essen¬ 
tial  significance  of  tho  external  tracheal  terminals  is  based  (in  the  larva 
where  tho  closure  maehanisa  during  asphyxiation  often  effects  rapid  rhythmi¬ 
cal  'movements,  wa  might  conceivably  think  of  a  sort  of  pusping  motion.  “  This 
idea  is,  however,  improbable  and  can  moreover  be  refuted  by  direct  observa¬ 
tion.  If  the  larva  is  made 'to  “asphyxiate  slowly"  i.e.  if  the  effect  of 
“Oki'gosrd^fieier.cy  is  restricted  eo  just  "emptying"  tha  longitudinal  tracheal  , 
trunks,  the  larva  is  able  to  recuperate  and  we  then  see  it  continuously  sus¬ 
pended  at  the  surface  of  tho  water  but  the  filling  of  the  tracheal  system 
takes  place  extremely  slowly  and  it  is  not  possible  to  observe  any  kind  of 
"pumping  action").  Consequently,  wo  censidar  the  rhythmic  oscillations  of 
the  closure  mechanism  of  the  respiratory  tube  which  now  and  then  are  sho wa 
under  contact  with  the  hydrogen  atmosphere,  only  as  the  effect  of  irritation. 


Tha  asphyxiation  experiments  discussed  above  indicate  that  appreciably 
different  intervals  elapse  before  paralysis,  depending  on  the  oxygen  content 
of  tho  water  in  which  the  larvae  and  pupae  wore  hermetically  enclosed.  Ac¬ 
cording  to  Easchko,  such  culex  larvae  survive  for  ton  hours;  according  to 
Eye ell  (Contributions  to  the  Biology  of  Mosquitoes,  Arch.  f.  Ship  and  Trop¬ 
ical  Hygiene ,  190?,  Yol.  II:  Hsf.  Sea p,  Jhb.),  they  survive  for  days  below 


gill  and  skin  respiration  and,  according  to  Saschke,  also  by  intestinal  res¬ 
piration.  In  regard  to  the  gills ,  Jaworowski  states  (On  the  Tubular  Appea- 
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contraction  of  tao 


=»a'!SS5,  Yol.  10,  p,2Gb)  that  the 
.a  anal  "ill  appendices  Introduces 


bleed  Lite  tk®  abdominal  cavity  which  is  subsequently  returned  i©  these 
“Cppandteas .  However,  not  ©van  in  the  scat  extreme  asphyxiation  experiments 
•res*©  va  ©hie  ta  sea  any  notifiable  displacement  ©s'  bleed  hors,  Even  so,  wa 
believe  these  appendices  to  be  also  respiratory  organs  but  ta  us  they  sees 
to  a-at  sore  as  tracheal  Cana  not  as  true  or  blaod-fillsd)  gills.  Id  ve  re~ 
ssovad  these  gill  platelets,  the  insects  then.  all  died  sore  quickly  than 
goggsj.  insects  da  hermetically  elsead  and  aerated  water,  Hoover,  fha  main  . 
part  of  surface  respiration  incusbs  ts  t&a  general  surface  ©f  the  skin.  ’Vs  - 
wore  also  not  able  to  ecr.vinae  ourselves  in  regard  to  the  intestinal  respir¬ 
ation  postulated  by  Snsdhks  (of.  below). 


She  extent  to  which  the  tracheal  system  with  its  ventilation  is  im¬ 
portant  for  gaseous  metabolism  is  illustrated  by  the  observation  that  a 
larva  or  pupa  hornstieally  enclosed  in  a  large  amount  of  .©jjygan  containing 
water  together  with  a  tiny  air  bubble  has  lived  for  days  in  full  health  by 
deriving  from  this  air  bubble  an  ada^at©  volume  of  oxygen.  The ‘in sect  can 
even  be  kept  alive  by  a  hydrogen  bubble  because  new  cssygen  continually 
enters  the  bubble  through  diffusion  from  the  surrounding  water.  The  inter¬ 
relation  of  tracheal  sad  of  skin  respiration  can  also  be  camonsirated  by  ’ 
placing  .the  insects  da  water  cither  containing  such  or  little  oxygen  but 
with  access  to  the  air.  2h  connection  with  the  insignificant  skin  rospir-  - 
atioa  in  the  latter  case,  we  frequently  see  them  go  toward,  the  surface,  of 
the  water  and/or  rest  here  longer  than  in  the  forms r  case. 


-  3h.  exclusion,  Ke  want  ta  dsssriba  the  manifestations  during  asphy¬ 
xiation  in  greater  detail  and  devote  attention  particularly  to  the  heavier 
.of  tbs  tracheal  system  in  this. 


W®  'have  already  in.iiaa.ted  above  that  asphyxiation  can  be  produced  in 
severs!  ways,  2S.tr.or  we  enclose  the  larva  and  pupa  in  a  ssa.ll  amount  of 
.water  in  a  ©harbor  ventilated  by  hydrogen  or  in  boiled  end  eventually  —  if 
asphyxiation  is  to  take  place  mare  slowly  —  in  the  usual  aerated  water. 

-  It  Is  also  possible  to  cut  sway  1ft©  extsraal  terminations  of  the  stigmata 
or  to  ligate  the  respiratory  tubolots  with  a  sill©  thread.  He  idler,  observe 
high  general  unrest,  intense  locomotion  and  sullies  toward  the  surface  of 
tho  water *,  tho  and  of  the  respiratory  tube  is  brought  into  contact  with  the 
oral  appendices  (“proan ings);  the  respiratory  tubslets  of  the  pupa  are  ac¬ 
tivated  intensively?  ato.  After  a  few  minutes,  tho  cardiac  puis®  is  already 
accelerated,  e.g.,  from  about'  do  to  over  200  par  minute ,  at  the  sane  temper- 
fitura.  This  was  also  observed  with  hope,  Banatra.  and  others  (see  also  our 


-  ©xparimeata  on  fish  embryos?  On  tho  Provisional  Bespirutosy  Kaehanisas  of 
Fish  Bsbsyos,  Seatralhl,  f.  Physiol.,  1911,  Yol.  25).  Vie  sight  possibly 
conceive  of  this  acceleration  of  the  blood  circulation  as  a  regulatory  ds» 
j  vice  respiration  in.  the  surface  of  the  skin  and/or  gill  respiration, 

oven  though  this  ^ is  very  slightly  productive  in  insects.  Only  when  asphy¬ 
xiation  is  far  advanced  do  we  see  &  slewing -down  of  cardiac  action. 


.-A/  V 


;,*s  c~  one  uarva.,  aocoKsr., 
of  the-  posterior  segment  of 
“or  minute. 
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Tacro  arc  -iso  easorvec.  twins.*.- r.' 
accompanied  by  spastic  quivering  of  uhe 
the  digestive  tube  and  the  latter  occurs  ados 
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gaseous  xctaholisn  because  ve  ware  not  able  to  definitely  confirm  say  ven¬ 
tilation  by  water  of  the  digestive  tab®.  flora  arc  also  seen  violent 
“rolling  notions*1  af  tbs  so-called  “salivary  glands**  si*  the  thorax,  and  s© 
on.  Ho  rapid  onset  ©f-^carbidity^  of  the  othsrwis©  transparent  body  and  the 
subsequent  occurrence  of  unifora  dark  fields  in  the  thorax  (and  also  at  the 
abdomen)  is  very  noticeable. 


She  longitudinal  tracheal  trunks 
manifestation  of  all  the  sysiptons  of  asphyxia, 


era  gradually  emptied .  Si 


boiled  'water,  this  disappearance  of  the  gaseous  content  o i  the  large  longi¬ 
tudinal  trunks  can  be  observed  vesjjj  quickly  after  preventing  the  access  of 
air,  e.g.,  in  10  sinutes.  However,  even  with  access  of  air  and  in  aerated 
water,  this  phenomenon  also  takes  place  after  ligating  or  removing  the  res¬ 
piratory  tub slots  where  it  is  not  possible  to  consider  evacuation  of  the 
gas  content  by  mere  diffusion.'  It  seess  that  hers  the  character  of  the 
tracheal  walls  conditions  the  disappearance  of  tha  gaseous  contents  because 
v;s  observe  that  the  different  aegaeats  of  the  tracheal  trunks  are’  emptied 
at  different  speeds  and  occasionally:  quits  irregularly  z&  wall  as  now  and 
then  in  on  apparent  relation  to  tits  ssguental  embedding  of  tha  longitudinal 
tracheal  trunks  which  noaaally  have  a  slightly  wave-like  trace  so  'that  there 
are  produced  rosary-like  formations.  Observed  slightly  from,  above,  we  s m 
finally  two  thin  threads  instead"  of  the  “fully-distended 11  cylindrical  tubas. 
However,  la  actuality,  these  are  flat  gray  bands  which,  are  distinguishable 
by  &  mere  lateral  observation. _ -  _ _ _ _ 


It  is  then  evident,  from  the  behavior  of  the  longitudinal  trunks,  • 
that  the  “spiral  thread  or  ridge 15  of  the  trachea,  at  least  in  our  case, 
plays  no  Kile  in  maintaining  the  lumen  and  supporting  the  vails  as  is  gener¬ 
ally  stated  in  literature.  In  the  asphyxiation  experiments ,  the  spiral 
thread  has  in  no  ease  been  able  to  prevent  a  collapse  of  the  tracheal  vails 
and  the  same  is  true  when  .the  tracheal  ventilation  is  damaged. 

The  spiral  thread  of  the  culsac  larvae  probably  possesses  no  noticeable 
rigidity  of  any  kind  as  ray  ha  inferred  from  the  attempts  at  recuperation. 

If  tha  elasticity  of  the  thread  were  activated  through  the  collapse  of  the 
tracheal  walls,  we  should  then  sea  in  the  cases  where  the  non-daiagod  res¬ 
piratory  tube  of  the  larva  is  in  oossxsieatian  with  the  air  atmosphere 
(the  end  of  tha  respiratory  syphon  always  contains  air  because  the  walls 
of  the  syphon  are  always  very  rigid)  or  when  a  larva  with  collapsed  longi¬ 
tudinal  tracheal  trunks  is  enclosed  in  G^ger-inprognated  water,  very 
quickly  tha  filling  of  the  tracheal  trunks.  However,  the  latter  are  not 
filled  at  all  in  the  second  case  and  only  gradually  in  the  first  case.  Tea 
manner  in  which  this  filling  takes  place  also  contradicts  the  assumed  , 


Om  the*  tracheal  ion "it.idir.ai  trunks  (sr.i  this  Tact  alee  eor.tradisuc  the 
possibility  nor.ticr.ed  above  or  a  peeping  notion  of  the  'stigsatal  devices). 

^Vi»4  slr_g'S*‘ir*‘  ^**'S*^  -^«*V  V  <  *g  — 'V»  m ^  ^  n  **»  <*o  *«.  ^J*»w  s^!  P  MW  •J'ls  *s  Vi  Wiji  »  ai*  J*  «^|« 

« *vU  <t*-j4»-  **  a*  whs  |  »«>  «r«amw  a  v »  M  si »  'viitwi  uf$> 


t&a  &  Zzz&  wr.a»  %-fio  s&^ar.w  01  tr>o  »r«i&;*:s  Issued  alasas* 

to  the  atnesphere  is  still  cnpty.  Ikrough  thickening  in  the  dorr,  of  a 
rosary,  the  cylindrical  fora  of  tile  tracheal  -crunks  is  than  gradually  re¬ 
sumed  but  various  irregularities  of  the  aernsl  trass  and  norml  thickness 

ns.v  narsini  for  &  longer  period,  However,  if  tha  asphyxiation  awnarir.s.it _ 

Is  continued  beyond  the  critical  point,  there  then  does  not  occur  any  nor- 
sal  filling  ©£  tha  tracheal  system  at  all.  It  would  therefore  sacs  as  if 
the  tracheal  wall  was  damaged  during  the  asphyxiation  asparijaaat  so  that  it 
ae  longer  pos m&ma  its  noraai  characteristics  and  activities. 


"'  f  5h@  r@3istsr.ee  of  tha  central  nervous  system  to  tha  lack'  of  ojeygen 
diminishes  in  th©  oatogonetio  ©volution  of  Galas  fror.  the  larva,  to  the  papa 
and  aspscisHy  to  the.  imago  progressively,  She  special  respiratory  save- 
gents  &m  developed  in  conns etien  with  this  in  the  imago  alone;  it  is  -also 
possible  to  find  in  tha  latter  a  typical  chemical  regulation  of  the  respir¬ 
atory  aevaaeats  (dyspaoie  elevation  of  the  rate  of  respiration). 

t  J  if- 

Sfee-efisthsr  -tsaltee-aassy  jEsaarks,.oa  the  physiology  of  the  respiratory 
syphon  of  the  larva  and  the  respiratory  trumpets  of  the  pupa  (osp.  ©baer- 
v&tieas  and  sxpsrimaats  concerning  the  essential  signification  of  the  ©x- 
tmlty.-ef  these  organs),  on  the  behavior  .of.. .then  in  hydrogen,  the  rastir** ' 
at cry  function  of  tha  (tracheal)  gills  of  the  larva,  the  cutaneous  -  respir¬ 
ation  sM  t h®  respiratory  signification  of  the  distal  extremity  of  the  ali- 


fhe  phamaaa  during  the  asphyxia  in  the  body  of  the  larva  are  de¬ 
scribed,  ©specially,  has  the  two  sain,  tracheal  tranks,  though  -there  is  dis¬ 
tinctly  doveieped  a  spiral  thread  in  their  wall,  are  flattened  and  “emptied 
a  behavior  which  differs  greatly  from  the  hitherto  supposed  sarely  jsedhaai- 
cal  •fraction  of  the  chitia  wall  of  tha  air-tubes;  the  living  wall  of  the 
air-tub®  is  probably  an  active,  iastraaeafc  in  the  normal  ventilation  of 'the 
.ah 


